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tified	 as	 functional	 metacommunity	 units	 for	 diatom	 communities.	 Variance	
partitioning	revealed	that	dispersal	mechanisms	were	a	major	contributor	to	diatom	







in	 distribution.	 Our	 findings	 reveal	 the	 importance	 of	 shifts	 in	 ecological	 drivers	
across	climatic	and	physiographically	distinct	lake	clusters,	providing	a	basis	for	com-
parison	of	broad-	scale	community	gradients	in	lake-	rich	regions	elsewhere.	This	may	
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1  | INTRODUC TION
Lakes	 are	 one	 focal	 point	 in	 biogeography	 and	 community	 ecol-
ogy,	 because	 they	 cover	 a	 small	 proportion	of	 the	Earth’s	 surface	
but	 make	 disproportionate	 contributions	 to	 regional	 biodiversity,	
global	 biogeochemical	 cycles,	 and	 ecosystem	 services	 (Vitousek,	
Mooney,	Lubchenco,	&	Melillo,	1997).	The	overlap	between	bioge-















will	 likely	 affect	 lake	 ecosystems	 at	 intermediate	 spatial	 scales	
(Jenkins	&	Ricklefs,	2011).
Implicitly,	 metacommunity	 theory	 focuses	 on	 two	 nonexclu-
sive	paradigms	 to	explain	 the	composition	of	ecological	 communi-
ties:	species	sorting,	with	an	emphasis	on	species	autoecology	and	
environmental	 gradients	 as	 the	 major	 influences	 (niche	 assembly	
rules),	 and	 dispersal	 (Heino	 et	al.,	 2015).	 Species	 sorting	 requires	
a	moderate	 dispersal	 rate	 to	 allow	 species	 to	 be	 sorted	 into	 their	
most	suitable	environmental	habitats.	When	dispersal	rates	are	high,	
communities	are	homogenized	irrespective	of	environmental	condi-
tions	 via	mass	 effects,	 thereby	obscuring	 species	 sorting,	 particu-
larly	 at	 small	 spatial	 scales.	 In	 contrast,	 low	dispersal	 rates	 hinder	
a	 species	ability	 to	effectively	 track	suitable	environmental	 condi-
tions,	resulting	in	dispersal	 limited	communities,	especially	at	 large	
spatial	extents	(Heino	et	al.,	2015).	Recent	metacommunity	studies	






















profile	guilds,	 are	 less	 likely	 to	be	dispersed	 than	species	 that	can	
move	along	a	substrate	or	are	floating	in	the	water	column,	such	as	










From	 a	 landscape	 perspective,	 lake	 ecosystems	 are	 units	 de-
fined	 by	 the	 surrounding	 catchment,	 including	 topography,	 land	
cover,	bedrock	geology,	and	climate.	Lakes	are	rarely	isolated	on	the	
landscape;	clusters	or	 lake	districts	are	the	rule,	not	the	exception	
(Catalan,	 Curtis,	 &	 Kernan,	 2009).	 This	makes	 lakes	 ideal	 systems	
to	 test	macroecological	 effects	of	 local	 and	 regional	processes	on	
assemblage	 composition	 (i.e.,	 “biogeographic	 islands,”	Colinvaux	&	
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The	overarching	aim	of	this	study	 is	 to	classify	groups	of	trop-







between	 diatom	 guilds	 and	 lake	 clusters.	 Given	 the	 link	 between	
life	 forms	 and	 dispersal	 abilities	 of	 organisms	 in	 metacommunity	






2  | MATERIAL AND METHODS
2.1 | Study area
The	 study	 lakes	 are	distributed	 across	 the	 tropical	Andes	 and	 the	
Andean	 foreland	 plains	 (Figure	2),	 covering	 an	 altitudinal	 gradient	
from	220	 to	 5,070	m	a.s.l.	 between	8°N–30°S	 and	58–79°W.	Our	
lake	database	encompasses	a	wide	range	of	physiographic	and	cli-
matic	settings	that	produce	diverse	limnological	conditions.	Lowland	
sites	 are	primarily	 lakes	 that	 occupy	old	 river	 channels	 and	 flood-
plain	wetlands,	 spread	across	Ecuador,	Perú,	Bolivia,	and	Brazil.	 In	
these	 lowland	 regions,	 some	 lake	basins	 are	 seasonally	 connected	
to	 large	 rivers	 (e.g.,	Parana,	Paraguay,	Napo),	which	 increases	sea-
sonal	variability	in	limnological	and	hydrological	conditions	(McGlue	
et	al.,	2011).	Colombia’s	lowland	lakes	are	distributed	from	the	east-
ern	 savannas	 to	 the	 very	 wet	 western	 rain	 forests	 (Vélez,	 Wille,	
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2.2 | Diatom database
Diatom	 data	 included	 195	 lakes	 with	 a	 total	 of	 303	 samples	
(Supporting	 Information	 Appendix	S1—Table	 S1.1).	 Diatom	 sam-
ples	comprised	sediment	surface,	periphyton,	and	plankton,	to	en-
sure	 that	 the	majority	 of	 diatom	 ecological	 guilds	were	 collected.	
The	samples	were	collected	 in	the	period	1977–2009	and	fall	well	
within	 the	 temporal	window	of	 the	analyzed	climatic	variables	 for	
comparison.	Diatom	samples	were	analyzed	 separately	 for	habitat	
type	 and	 sampling	 year,	 except	 for	 the	 Ecuador	 dataset,	 in	which	
samples	were	 composited.	 Preliminary	 analyses	 showed	 that	 little	
variation	was	seen	between	sampling	dates.	Diatom	samples	were	
cleaned	using	30%	H2O2	and	37%	HCl	to	remove	organic	material	
and	 carbonates,	 respectively.	 Cleaned	 diatoms	 were	 mounted	 in	
Naphrax	 (refractive	 index	 1.74).	 All	 identifications	 were	 made	 to	
the	species	 level	when	possible,	using	South	American	diatom	flo-
ras	 and	 regional	 studies	 (Manguin	 &	Manguin,	 1964;	Metzeltin	 &	
Lange-	Bertalot,	2007;	Rumrich	et	al.,	2000;	Servant-	Vildary,	1986)	
and	taxonomic	 resources	available	at	 the	diatom	herbarium	of	 the	
Philadelphia	 Academy	 of	 Natural	 Sciences.	 In	 about	 90%	 of	 the	




site-	by-	species	 abundance	 matrices	 were	 transformed	 to	 site-	by-	
species	presence–absence	matrices	prior	to	all	analyses.	Measures	
to	ensure	 taxonomic	consistency	 included	aggregating	varieties	of	
species,	 scanning	 the	 data	 for	 taxonomic	 synonyms,	 and	 lumping	
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Taxonomic	 harmonization	was	 carried	 out	 to	 update	 diatom	 taxo-












profile	 species	 are	 adapted	 to	 high	 nutrient	 concentrations,	 and	
low-	profile	species	are	adapted	to	low	nutrient	concentrations.	The	










toms	 in	the	tropical	Andes	 in	previous	studies	 (Benito	et	al.,	2018;	
Steinitz-	Kannan,	 1979;	 Sylvestre	 et	al.,	 2001;	 Tapia,	 Fritz,	 Seltzer,	
Rodbell,	&	Metiever,	2006)	and	that	were	available	for	a	large	number	





°C),	 mean	 annual	 precipitation	 (MAP,	mm),	 temperature	 seasonal-
ity	(standard	deviation;	°C),	precipitation	seasonality	(coefficient	of	
variation;	mm),	%	aquatic	habitat,	connectivity,	Terrain	Ruggedness	
Index	 (TRI),	 and	 lake	 area	 (km2).	 The	 STRM	90	m	 digital	 elevation	






































neighborhood	 matrix	 (PCNM).	 This	 method	 describes	 the	 spatial	
variability	across	study	sites	by	generating	eigenvector-	based	vari-








First,	 we	 summarized	 major	 patterns	 among	 limnological	 and	
geo-	climatic	variability	to	classify	groups	of	 lakes.	Prior	to	running	
ordination	analyses,	all	variables	were	transformed	(log10[x	+	1])	to	




&	Dufour,	 2007).	 The	NIPALS	 algorithm	 allowed	 the	 computation	
of	 a	 PCA	without	 deleting	 samples	 with	 missing	 data	 or	 estimat-
ing	the	missing	values	(Ibáñez	et	al.,	2012).	With	this	approach,	we	
avoid	 eliminating	 sites	with	missing	 values,	 because	 of	 few	wide-
spread	measurements	of	some	limnologic	variables	(see	Supporting	
Information	Appendix	S1—Table	S1.2	for	%	data	values).	A	previous	
study	 of	 the	 region,	 Benito	 et	al.	 (2018)	 showed	 that	 water	 tem-
perature	 and	 climatic	 variables	 (MAP,	MAT)	 are	 correlated	 at	 the	
7870  |     BENITO ET al.
spatial	 scale	of	 the	data	used	 for	 this	 study.	Also,	 other	 limnolog-
ical	 variables	 (conductivity,	pH,	and	nutrients)	were	outperformed	
by	macroecological	 gradients	 associated	with	distinct	 climatic	 and	




issues,	 the	PCA	 axes	 act	 as	 composite	 variables	 of	 environmental	
drivers	of	lakes.	The	number	of	significant	PCA	axes,	which	indicate	
the	 nonrandom	 variability,	 were	 selected	 by	 broken	 stick	 model	
using	the	evplot	function	(Borcard,	Gillet,	&	Legendre,	2011).	In	this	
case,	we	 retained	 the	 first	 three	 orthogonal	 components	 explain-
ing	 72%	 of	 total	 variance	 (Supporting	 Information	 Appendix	S4).	
Metrics	 for	usefulness	and	 sampling	adequacy	of	 the	data	 for	 the	
PCA	 were	 obtained	 with	 the	 Kaiser–Meyer–Olkin	 index	 (KMO;	
critical	value	>0.70;	Dziuban	&	Shirkey,	1974)	and	Bartlett’s	test	of	
sphericity	(Budaev,	2010),	respectively.	The	PCA	site	scores	of	the	
first	 three	 axes	were	 subsequently	 used	 as	 inputs	 for	 hierarchical	
cluster	analysis	based	on	Euclidean	distances,	with	flexible	beta	as	
the	linkage	method	using	the	agnes	function	of	the	cluster	package	
(Maechle,	2012).	Both	methods	 (i.e.,	PCA	and	cluster	 analysis)	 are	








unseen	 shared	 species	 and	 thus	 to	 reduce	 bias	 in	 sampling	 effort	
among	 study	 regions	 (Colwell,	 Mao,	 &	 Chang,	 2004).	 All	 diatom	
taxa	(n	=	1,635),	including	singletons,	were	included	in	the	analyses.	
To	aid	 interpretation	of	the	NMDS	axes	without	 incorporating	any	
environmental	 constraint,	 limnological	 and	 geo-	climatic	 variables	
were	fitted	using	the	environmental	 fitting	technique	with	the	en-
vfit	 function	 in	 vegan.	 Except	 for	 the	 Ecuador	 data	 set,	 additional	
NMDS	analyses	were	performed	for	the	sediment,	periphyton,	and	










diatom	collection,	 sampling	 year	was	 included	 as	 a	 variable	 in	 the	
environmental	fitting	procedure.
Third,	we	characterized	each	group	of	lakes	identified	by	PCA	
and	cluster	analysis	 in	 terms	of	 their	environmental	heterogene-
ity	and	spatial	extent	 following	Tonkin,	Death,	Muotka,	Astorga,	
and	Lytle	 (2018).	Environmental	heterogeneity	was	estimated	by	
calculating	 the	mean	distance	 of	 each	 site	 to	 the	 corresponding	
group	centroid	using	the	betadisper	function	of	the	vegan	package.	
For	spatial	extent,	 the	function	ordihull in vegan	was	used	to	en-
close	all	sites	that	form	each	cluster,	and	the	relative	area	was	then	
estimated	using	the	polygon	function.	Differences	in	environmen-








tivariate	 method	 that	 assesses	 species–environment	 relationships	
obtained	from	different	unconstrained	ordinations.	The	Procrustean	
analysis	was	performed	between	the	NMDS	(diatom	data)	and	PCA	
(environmental	 data)	 matrices	 with	 the	 three-	first	 components	 of	
each	ordination	using	the	procrustes and protest	functions	in	vegan. 
The	degree	of	concordance	is	given	by	the	m2	statistic	and	associated	
p	values	with	999	permutation	tests.	Lower	values	of	m2,	which	vary	
from	0	 to	1,	 indicate	greater	 concordance	 (Peres-	Neto	&	 Jackson,	
2001).	 If	both	ordinations	(NMDS	and	PCA)	are	correlated,	diatom	
distributions	 should	be	associated	with	 lake	 clustering,	 suggesting	






At	 last,	 the	 relative	 role	 of	 environmental	 and	 spatial	 compo-
nents	 on	 diatom	 community	 composition	 was	 determined	 with	
redundancy	 analysis	 (RDA)	 and	 variance	 partitioning	 analysis.	
Variance	 partitioning	 quantifies	 pure	 and	 shared	 proportions	 of	


















significance	 alone,	 because	we	were	 interested	 in	 quantifying	 the	
effect	sizes.	Variance	partitioning	analyses	were	performed	for	the	























Cluster	 analyses	 resulted	 in	 six	 lake	 groups	 that	 are	 arranged	
along	 the	 first	 PCA	 axis	 and	 exhibit	 a	 clear	 latitudinal	 structure	
(Figure	3a	and	Supporting	Information	Appendix	S2).	Environmental	
heterogeneity	 differed	 among	 the	 clusters	 (PERMANOVA:	
F = 40.537;	 p < 0.01;	 Supporting	 Information	 Appendix	S2—Figure	
S2.2).	Clusters	1	and	2	comprised	all	 lakes	near	 the	equator;	 clus-
ter	 1	 grouped	 all	 lowland	 lakes	 (Ecuadorian-	Colombian	 lowlands,	
Figure	3a),	 and	 cluster	2	 grouped	Andean	 lakes	 from	Ecuador	 and	
Colombia	 (Ecuadorian-	Colombian	Andes,	Figure	3a).	Cluster	3	was	
composed	 of	 lakes	 in	 the	 Amazonian	 lowlands	 of	 Bolivia	 and	 the	
Pantanal	in	Brazil	(Bolivian-	Brazilian	lowlands,	Figure	3a).	This	clus-
ter	 showed	 the	 highest	 environmental	 heterogeneity	 (Supporting	





Altiplano	 clusters	 (cluster	 6,	 Figure	3a)	 had	 the	 lowest	 environ-
mental	 heterogeneity	 and	 spatial	 extents	 (Supporting	 Information	
Appendix	S2—Figure	S2).
3.2 | Diatom metacommunities
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suggesting	that	species	composition	variability	 is	mainly	related	to	
among-	region	 differences	 (Supporting	 Information	 Appendix	S5—




(R2 >	0.60,	p < 0.05)	 relationship	on	surface	sediment	and	periphy-
ton	 species	 composition,	 whereas	 conductivity	 and	 pH	 had	 the	
strongest	(R2 >	0.65,	p < 0.05)	relationship	on	planktic	species	com-
position.	The	 relationship	between	 the	variable	 “year”	 and	diatom	
species	 composition	 was	 statistically	 significant	 for	 the	 sediment	
surface	 (R2 > 0.16; p < 0.05),	 periphyton	 (R2 > 0.68; p < 0.05),	 and	
plankton	(R2 > 0.44; p < 0.05)	samples.
When	considering	the	entire	diatom	species	matrix,	limnological	
and	geo-	climatic	 variables,	 except	 for	 connectivity,	 had	 significant	
relationships	 with	 diatom	 data	 (R2 > 0.20; p < 0.05),	 as	 indicated	
by	the	NMDS	with	environmental	fitting	(Figure	4).	The	significant	
strength	 of	 concordance	 between	 the	 NMDS	 and	 PCA	 ordina-
tions	(Protest	m2	statistic	=	0.58;	p < 0.001)	and	differences	across	
lake	clusters	 in	diatom–environment	 relationships	 (ANOVA’s	PAM:	
F = 122.3;	p < 0.01)	supported	the	cluster	division	of	lakes	with	dis-
tinct	diatom	communities	associated	with	environmental	character-
istics	of	groups	of	lakes	(Figure	4).
The	 first	 NMDS	 axis	 arranged	 diatom	 metacommuni-
ties	 from	 the	 lowlands	 (Ecuadorian-	Colombian	 lowlands	 and	
Bolivian-	Brazilian	 lowlands,	 Figure	4)	 to	 high-	elevation	 Andes	







lands,	 Peruvian	 Andes,	 Bolivian	 Andes,	 and	 Southern	 Altiplano,	
Figure	4),	 from	 sites	 near	 the	 equator,	 where	 diatom	 metacom-
munities	 were	 associated	with	 higher	MAT	 and	MAP	 and	 lower	




NMDS	 axis	 2	 scores	 (Pearson’s	 r = 0.33;	n	=	370;	p < 0.001),	 but	
NMDS	 axis	 1	 scores	 were	 not	 significantly	 correlated	 with	 this	
variable	(Pearson’s	r = −0.11;	n	=	303;	p = 0.19).
The	RDA	results	with	forward-	selected	variables	are	summarized	
in	 Supporting	 Information	 Appendix	S6.	 When	 the	 whole	 diatom	
species	matrix	 is	 used,	 variance	partitioning	 revealed	 that	 the	 rel-
ative	effects	of	the	spatial	component	(geographic	and	topographic	
factors)	outperformed	the	effect	of	the	environmental	component	
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(a)	 for	 the	 high-	profile	 and	 low-	profile	 guilds	 (“weak	 dispersers”),	
the	 spatial	 component	 overrode	 the	 effect	 of	 environmental	 fac-
tors	 in	 most	 lake	 clusters	 and	 showed	 a	 decreasing	 trend	 of	 the	
explained	variability	with	 latitude	 (Figure	5);	 (b)	 for	 the	motile	and	
planktic	 guilds	 (“strong	dispersers”),	 the	environmental	 and	 spatial	
components	were	equally	significantly	associated	with	diatom	meta-
community	 structuring	 in	 certain	 lake	 clusters	 (Bolivian-	Brazilian	





only	 for	 certain	 high-	latitude	metacommunities	 (Bolivian-	Brazilian	
lowlands	and	Peruvian	Andes),	whereas	for	the	 low-	latitude	meta-
communities	 (Ecuadorean-	Colombian	 lowlands	 and	 Andes),	 it	 was	
associated	with	the	geographic	component	(Figure	5).	The	Southern	
Altiplano	showed	no	environmental	or	 spatial	 structure	 for	any	of	
the	diatom	guilds.	Of	all	the	diatom	guilds,	the	unique	fractions	ex-
plained	 by	 environmental	 and	 spatial	 components	 were	 relatively	
small,	 and	 the	 total	 shared	 effect	 between	 environmental,	 geo-
graphic,	 and	 topographic	 factors	 was	 highest	 in	 low-	latitude	 lake	
clusters	(Figure	5;	Supporting	Information	Appendix	S6—Table	S6.2).
4  | DISCUSSION











perspective,	 planktic	 communities	more	 closely	 track	 limnological	
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As	expected,	lake	clusters	differed	in	terms	of	spatial	extent	and	
environmental	 heterogeneity.	 These	 two	 factors	 are	 essential	 for	
distinguishing	among	species	sorting,	dispersal	limitation,	and	mass	





Yet,	 lake	 clusters	 that	 showed	 the	 highest	 environmental	 hetero-
geneity	 (e.g.,	 Bolivian-	Brazilian	 lowlands	 and	 Peruvian	 Andes)	 did	





extents	 (Zorzal-	Almeida,	 Soininen,	 Bini,	 &	 Bicudo,	 2017).	 In	 the	
Bolivian	Andes	and	Southern	Altiplano	lake	clusters,	both	spatial	and	
environmental	effects	correlated	with	diatom	species	composition,	












Winter,	 Shurin,	 Suttle,	&	Matthews,	2013;	Heino	et	al.,	 2016).	Yet	
climatic	 effects	 have	 not	 been	 evaluated	 as	 thoroughly,	 although	
they	may	 affect	 environmental	 filtering	 (Alahuhta	&	Heino,	 2013;	
Loewen,	2017).	 Some	 latent	environmental	predictors	 (e.g.,	 catch-
ment	 productivity)	 are	 a	 function	 of	 climatic	 and	 several	 lake/
catchment	 features	 (e.g.,	 precipitation,	 topography)	 across	 large	
scale	 in	 tropical	 regions.	 For	 instance,	 Steinitz-	Kannan,	Colinvaux,	
and	Kannan	(1983)	found	that	nutrient	levels	are	related	to	altitude	
in	 Andean	 lakes	 of	 Ecuador.	 Benito	 et	al.	 (2018)	 show	 that	 geo-	
climatic	 variables	might	be	partially	manifested	via	 local	 limnolog-
ical	variables	 in	Andean	 lakes	of	Peru	and	Ecuador.	Here,	we	used	
PCA	site	scores	to	capture	latent	environmental	variables	and	likely	




(e.g.,	 Steinitz-	Kannan	 et	al.,	 1983).	Nonetheless,	 the	 relative	 influ-
ence	of	space	over	environmental	factors,	as	indicated	by	variance	














&	Webster,	2000;	Vilmi	et	al.,	 2017).	At	 continental	 spatial	 scales,	
previous	 studies	 demonstrated	 strong	 responses	 of	 diatom	 guild	
distributions	 in	 streams	 to	 both	 environmental	 and	 spatial	 factors	
(Passy,	 2017;	 Soininen	et	al.,	 2016).	Our	 results	 in	 groups	of	 trop-












effects	 may	 lead	 to	 spurious	 interpretations	 of	 spatial	 effects	 as	
proxies	of	dispersal	dynamics.	Nonetheless,	the	total	shared	effect	
among	environment,	geographic,	and	topographic	components	also	
showed	 a	 clear	 decreasing	 latitudinal	 pattern	 (Figure	5).	 This	 sug-
gests	 that	 prevalence	 of	 ecological	 guild	 variation	 in	 response	 to	
higher	regionally	structured	environment	toward	the	equator	might	






evident	 in	 the	 Bolivian-	Brazilian	 lowlands,	 where	 the	 strength	 of	
the	 environmental	 component	 outperformed	 the	 effect	 of	 spatial	
factors	 on	 diatom	 community	 composition,	 likely	 due	 to	 the	 high	




Mayora,	 Schneider,	&	Giri,	 2016;	Dias	et	al.,	 2016).	Although	 local	
environmental	variables	appeared	to	exert	a	major	control	on	plank-
tic	 communities	 (Supporting	 Information	 Appendix	S5—Figure	
S5.3),	variance	partitioning	did	not	provide	support	for	niche-	based	
assembly	 processes	 for	 the	 planktic	 guild	 among-	lake	 clusters,	 in	
which	pure	spatial	controls	were	mostly	detected.	Dispersal-	related	
mechanisms	in	diatom	metacommunities	have	also	been	suggested	
in	mountainous	 areas	 where	 constrained	 aerial	 dispersed	 is	 likely	
due	to	high	elevational	gradients	and	step	valleys	(Dong	et	al.,	2016;	
     |  7875BENITO ET al.




taxa),	 or	 the	 noninclusion	 of	 ecologically	 important	 processes	 for	
phytoplankton	communities	 (e.g.,	biotic	 interactions,	 trophic	state)	
(Nabout,	Siqueira,	Bini,	&	de	Nogueira,	2009).





et	al.	 (2017)	 in	 a	 set	 of	 tropical	 reservoirs.	 However,	 topographic	
constraints,	such	as	mountain	barriers,	may	yield	more	ecologically	







suggesting	 that	 complex	 topography	 in	 isolated	 lake	 systems	 in-
deed	 exerts	 constraints	 for	motile	 and	 planktic	 guild	 distribution.	
Unexpectedly,	 in	 the	 topographically	 complex	 lake	 clusters	 of	 the	
Andes	and	 lowlands	of	Ecuador	and	Colombia,	 spatial	 effects	due	
to	rugged	topography	did	not	appear	to	exert	influence	on	the	com-
munity	composition	of	these	two	diatom	guilds,	as	indicated	by	the	
stronger	 influence	 of	 geographical	 distance.	 Subtle	 differences	 in	
topographic	 heterogeneity	 and	 hydrological	 connections	 between	
lakes	 through	 riverine	 network	 (not	 accounted	 for	 in	 this	 study)	
might	explain	the	varied	spatial	control	in	diatom	guilds.	These	dif-
ferences	may	 further	 contribute	 to	 the	 development	 of	 regionally	
distinct	diatom	metacommunities	in	tropical	South	America.
Our	 results	 indicating	 shifts	 in	 ecological	 drivers	 on	 diatom	
metacommunity	 structuring	 across	 climatic	 and	 physiograph-
ically	 distinct	 lake	 regions	 would	 not	 have	 been	 detected	 with-
out	 a	 functional	 approach.	 These	 findings	 are	 in	 accord	 with	
those	 of	 Vilmi	 et	al.	 (2017)	 in	 lakes	 and	 Jamoneau	 et	al.	 (2018)	
in	streams,	who	found	different	responses	to	environmental	and	
spatial	 factors	 when	 diatom	 ecological	 guilds	 are	 analyzed	 indi-
vidually,	 rather	 than	 entire	 assemblages.	 Nonetheless,	 it	 is	 hard	
to	conclude	that	large-	scale	ecological	patterns	can	be	explained	
by	 environmental	 and/or	 spatial	 variables,	 given	 the	 complex	
spatial-	temporal	mechanisms	of	community	assembly	for	a	certain	







the	 noninclusion	 of	 explicit	 measures	 of	 nutrients,	 which	 are	 a	
major	 driver	 of	 diatom	 community	 composition	 over	 large-	scale	
surveys	 (Soininen	 et	al.,	 2016;	 Verleyen	 et	al.,	 2009;	 Vyverman	
et	al.,	2007;	Winegardner	et	al.,	2015),	and	methodological	diffi-
culties	in	measuring	multiple	turnovers	in	community	composition	
(Heino	 et	al.,	 2016).	 Although	 such	 low	 values	 are	 comparable	




	indicates	 that	 tropical	 lake	 diatom	 metacommunities	 are	 highly	
	dynamic	and	 that	any	 inference	 from	one-	off	 snapshot	 sampling	
may	be	misleading.	This	 is	shown	by	significant	temporal	effects	
found	 in	the	diatom	data	from	the	analyses	of	sediment	surface,	
periphyton,	 and	 plankton	 communities,	 as	well	 as	 the	 entire	 di-
atom	 species	 matrix.	 Second,	 the	 effects	 of	 environmental	 and	
















future	diatom	research,	 for	example,	 in	exploring	 the	evolutionary	
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